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Introducing public bus transit system in Indian cities raises many challenging issues of diﬀerent nature ranging from technical to oper-
ational. The present study examines the impact of a new public bus transit system by applying a binary logit analysis for assessing the
possible variation in modal shift behavior. The case study of mode-choice was developed, calibrated, and validated using socio-economic
data collected on six proposed corridors in the city of Bardoli, Gujarat, India. Traﬃc quality parameters, such as average speed, delay,
congestion, travel time, and travel cost were modeled to investigate the impact of the new bus transit system in VISSIM environment.
The probability of an overall modal shift to proposed bus transit system corridors ranges from 45% to 51%. The maximum modal shift
ranges from 80.58% to 87.40% for three-wheelers (para-transit) followed by bicycle and walking mode. However, cars have the least
modal shift ranging from 6.78% to 11.49% and 37.38% to 45.46% for two-wheelers. The average speed of the bus transit system in both
directions could reach 47.75–49.59 kmph with 15 min frequency. Likewise, mean travel time was estimated from 1.3 to 1.6 min per km
and average commuter cost of less than Rs. 1.0 per km for bus transit with insigniﬁcant delay and congestion. Introduction of the new
public bus system shows promising results and has to play a signiﬁcant role in developing a sustainable urban public transportation
system. These ﬁndings can be used to form the basis for the implementation of the new public bus transit in peer cities with relatively
similar sizes, which may impact an inhabitant sustainable choice on ridership in due course.
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One of the major thrusts of the new public bus transit
system is to reduce commuter’s overwhelming dependency
on private vehicles to make the urban transportation
system sustainable. India’s cities have witnessed rapid
urban growth and correspondingly travel demand in
post-economic reforms. According to census 2011, therehttp://dx.doi.org/10.1016/j.ijsbe.2014.06.001
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and Development.was an increment in million plus cities from 35 in 2001 to
55, consisting of 107.9 million urban (39%) population
(Census of India, 2011). Urbanization in Indian Cities is
putting enormous pressure on transportation infrastruc-
tures to respond to an increasing travel demand with
greater strength and eﬃciency of the public transport
system (Madhav and Haide, 2007). Post-economic reforms,
Indian cities are recognizing the need and importance of
infrastructure for economic growth, and better living,
which has likewise increased travel demand (Chaddchan
and Shankaar, 2012). Existing lack of urban transportation
infrastructures fueled high growth of private vehicles
such as cars, two-wheelers and para-transit modes
(auto-rickshaw) (Tiwari, 2003). The land use patterns induction and hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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also increased trip distances and encourage shifts to private
vehicles. The eﬀect of the longitudinal growth of cities is
more and more dependent on private vehicles and two
wheelers (2-W) and may aggravate congestion and acci-
dents in the city (Pucher and Korattyswaroopam, 2004;
Electricwala and Kumar, 2013).
In response, the National Urban Transport Policy
(NUTP, 2006) and JnNURM (Jawaharlal Nehru National
Urban Renewal Mission) phase-2 were introduced by the
Ministry of Urban Development (MOUD), Government
of India (GOI) in 2005. Studies show that a well planned
bus transit system encourages the highest level of modal
shift from private vehicles to public vehicles with low cost.
Factors which greatly inﬂuence the modal shift are age,
gender, time to walk to the station, and travel time diﬀer-
ence between private and public transits. The trip purpose
and travel cost could also aﬀect the modal shift (Vedagiri
and Arasan, 2009; Yuanqing et al., 2013). A bus transit
system with eﬃcient travel time, economical trip cost,
and well connected transfer with system quality service
attract ridership (Vaishali et al., 2007; Vimal et al., 2012).
Accessibility is one of the major issues for the successful
operation of public transit system in cities. The conve-
nience is deeply biased towards favoring those with access
to private vehicles users (Litman and Burdwell, 2006).
However, the accessible public transit system has a poten-
tial to attract a large number of private vehicle commuters.
Since commuter travel time is a function of both urban and
transport development patterns, the route speciﬁc public
transit system can reduce travel time and consequently
encourage private vehicle users to use public transport sys-
tem (Tiwari and Jain, 2012). Neighborhoods designed with
housing, jobs, schools, and locations of other activities
conveniently connected or proximate to major transit lines
support public transit systems. People being in more com-
pact, mixed-use, and pedestrian-oriented neighborhoods,
conduct more non-work trips by walking, bicycling, and
transit modes rather than people living in the less dense
areas. Compact, mixed-use neighborhoods are associated
with reduced vehicle and personal miles traveled, as well
as more trips with fewer stops and low household vehicle
ownership rates (Krizek, 2003).
An understanding of the attitudes and behaviors of
commuters is a necessary condition for the development
of an eﬀective transportation system intended to encourage
a more eﬃcient use of the city’s public transportation sys-
tem. Attitudes and perceptions of transportation systems
are important in mode choice decisions encountered in
encouraging automobile commuters to switch to public
transit (Gilbert and Forester, 1977). In fact attitude may
be more strongly correlated with auto ownership than with
built environment. This will help to incorporate a policy
measure and attributes of travel that inﬂuence individual’s
choice of mode. Alignment and bus stop play a very impor-
tant role in the planning and design of the transit system
and also encourage a modal shift. Regional connectivity,operation cost, local ridership, trip duration, distance right
of way and political viability, environmental cost and cap-
ital cost are the decisive factors used to select the best align-
ment substitute (Pahs et al., 2002; Kennedy et al., 2005).
The transit capacity estimation model for planning a public
transit system with various variables, including the struc-
ture of bus stops, fare collection system, bus stop interval
and employment cost was revealed by Yabe and
Nakamura (2005). It is important to introduce a public
transit system that is accessible, reliable, convenient and
aﬀordable in Indian cities. Therefore, at this stage where
the city is growing from small to medium and so on, public
bus transit system intervention in the city is vital to check
the growth of private vehicles and geometrically growing
2-W. An attempt has been made in this work to analyze
the impact on traﬃc quality and mobility by implementing
a new bus transit system in the present Indian urban traﬃc
context.
2. Data collection and network development
The study area, Bardoli, may be categorized as a small to
medium sized city with a population of 6,75,963 (as per cen-
sus 2011) covering a city transport area of 46 sq km, mostly
business and working trip in the state of Gujarat, India. At
present, the city is not having a public transport system and
commuters use para-transit (3-wheelers) and private vehi-
cles to commute to their destination with an average trip
length of 6.0–12.0 km. The zoning system adopted in this
study is in coherence with that adopted by the local
planning body, Bardoli Municipal Corporation (BMC),
Bardoli. The bus route corridors within the study area were
deﬁned based on physical characteristics like carriageway
width and future expansion scope. The node 61–6 i.e., cor-
ridor no 6 is the central business district (CBD) corridor
and is of 4-lanes divided with a 16 m carriageway width
and other ﬁve corridors are with 4-lanes, undivided with a
14 m carriageway width as mentioned in Table 1. All other
ﬁve corridors share some distance with the CBD corridor
i.e., from node 61–6. In this analysis, it was assumed that
each corridor is moving diﬀerently with each other to reach
the respective node.
The traﬃc study has been designed based on commuter
mobility by private and para-transit modes. The 7-day traf-
ﬁc volume count, 3-day turning movement count, 3-day
Origin and Destination (O–D) survey and 1-day stated
preference (SP) survey were conducted on all seven un-sig-
nalized intersections lying in the CBD corridor. Speed and
delay survey has been carried out along the potential corri-
dors of the bus transit. The ﬁeld travel times and speed of
these six corridors have been used to adjust the parameters
of the speed-ﬂow relationships of various road links. These
travel times also gave the extent of travel time saving that
one could expect on the bus transit system.
The socio economic proﬁle has also been obtained on six
corridors from Home Interview survey (HIS) covering all
types of Income Groups, Gender and Vehicle ownership
Table 1
Physical characteristics of networks.
Corridor No. Node Origin-destination Length (m)
1 11–1 Surti Jakat Naka–Alankar (4-lane, divided/undivided, 16 m/14 m carriageway width) 6100
2 21–2 Surti Jakat Naka-Modi Tower (4-lane, divided/undivided, 16 m/14 m carriageway width) 6700
3 31–3 Nadida Chowkdi-R.T.O (4-lane, undivided/divided, 14 m/16 m carriageway width) 7500
4 41–4 Station-Umrakh College (4-lane, undivided/divided/undivided, 14 m/16/14 m carriageway width) 8100
5 51–5 Railway Station-Ashram (4-lane, undivided/divided/undivided, 14 m/16/14 m carriageway width) 7400
6 61–6 Surti Jakat Naka-R.T.O (4-lane, divided, 16 m carriageway width) 7900
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occupation into four categories viz. business (34%), self
employed (15%), private service (43%) and student (8%).
Responses received were a fair representation, distribution
between diﬀerent socio-economic groups, gender and mode
commuters. Using SP approach survey, a total of 1250
commuters were interviewed and each individual com-
muter was presented nine choice sets where he/she had to
put forward his or her choice on the diﬀerent available
modes along with diﬀerent alternative options of the pro-
posed bus transit system. Based on model split data analy-
sis, the average maximum trip length was observed to be
5.79 km (compulsory trip) and 6.92 km (voluntary trip) in
the high income group (IG1) and car mode was preferred.
In medium income group (IG2) the average trip length
was estimated to be 3.90 km (compulsory trip) and
4.66 km (voluntary trip) and two-wheelers and three-wheel-
ers were most preferred. In low income group (IG3) the trip
length was estimated to be 2.73 km (compulsory trip) and
4.95 km (voluntary trip) for which walk and bicycle trips
were preferred. Two-wheeler modes share 64% of compul-
sory trip whereas 50% of voluntary trip was commuted by
para-transit mode (auto-rickshaw) (Mahale, 2010).
The binary logit analysis was used to model the attri-
butes and preferences of the commuters through their sta-
ted choices. The model was used to derive a polynomial
linear utility function and an estimation of the relative
importance of the proposed bus transit attributes. Model-
ing of stated preference (SP) data was analyzed based on
the spatial and the socio-income diﬀerences of the individ-
ual commuters. Biogeme also determines which attributes,
including the comfort measure, were signiﬁcant in predict-
ing the choice of transportation mode. Logit models deter-
mine the probability that a mode will be chosen based on a
comparison between individual utilities for each mode
(Ben-Akiva and Lerman, 1985). The diﬀerences between
modal attributes for each individual are used to determine
the choice. This can be expressed as:Table 2
Percentage of traﬃc composition.
2-W 3-W 4-W Car/Taxi/utility
54 11 20
Where, 2-Wheeler (2-W), 3-Wheeler (3-W), 4- Wheeler (4-W), Light Motor V
Light Commercial Vehicle (LCV).
* Walking was not considered in this analysis and it was assumed that 6%
composition to the cycle we get the bicycle composition (9).PrðPrivate to Bus transit ModeÞ¼ e
UBusTransit
PðeUBusTransit þ eUprivateModeÞ
ð1Þ
Biogeme is used to analyze mode choice data of this
study (Bierlaire, 2003). A SP choice of the individual may
have a longer travel time for all modes compared to
another individual. It is only the diﬀerence between a given
individual’s travel time that determines the choice. From 7-
day traﬃc volume count, 3-day turning movement count
and 3-day O–D survey, it was observed that the majority
of trips performed by two-wheelers and para-transit
(3-wheelers) share 11% of total trip as shown in Table 2.3. Model development
As observed in Section 2, diﬀerent corridors are having
traﬃc movements in both directions as mentioned in
Table 3. These traﬃc compositions were used as input in
VISSIM simulation 6.0. The VISSIM model construction
process consists of (a) identiﬁcation of geometry features
of representative corridors (b) collection and processing
traﬃc composition data (c) analysis of representative corri-
dor data (d) VISSIM (version 6.0) coding and (e) calibra-
tion using representative corridor.
In order to have representative behavior of heteroge-
neous traﬃc, i.e. Node 61–6 was selected to calibrate as
arterial road and Node 21–2 as sub-arterial road. The val-
idation was carried out on ‘Station-Umrakh College’ (node
41–4) for both arterial and sub-arterial roads. Typical traf-
ﬁc ﬂow characteristics that were employed in validation
include average travel time, average link speed, and
medium and maximum queue lengths. Since the sample is
small, t-test was taken as the criterion for validation. For
each parameter to be validated the average of ﬁeld
observations is taken. The simulation model was given
multi-run with 16 random seed numbers and an averageLMV/LCV Bicycle Walking*
6 3 (9) 6
ehicle (LMV),
walking will shift towards bicycle composition. So after shifting, walking
Table 3
Vehicle composition of the study area.
Corridor (node) 2-W 3-W 4-W LMV/LCV Bicycle Others
Surati Jakatnaka–Alankar (11–1) (Alankar–Surati Jakatnaka)
(1–11)
42.5 (51.3) 14.1 (21.0) 33.1 (16.2) 7.9 (9.6) 1.9 (1.7) 0.5 (0.4)
Surati Jakatnaka-Modi Tower (21–2) (Modi Tower–Surati
Jakatnaka) (2–21)
45.3 (44.5) 22.5 (26.5) 27.5 (25.1) 2.5 (2.4) 1.5 (1.4) 0.7 (0.1)
Nadida Chowkdi-R.T.O. (31–3) (R.T.O.-Nadida Chowkdi) (3–31) 44.4 (43.3) 4.5 (3.5) 8.2 (10.2) 06 (08) 1.8 (2.8) 35.1 (32.1)
Station-Umrakh College(41–4) (Umrakh College-Station) (4–41) 63.0 (66.9) 9.4 (6.3) 18.7 (20.2) 4.1 (1.3) 4.2 (4.9) 0.6 (0.4)
Rly Station-Ashram(51–5) (Ashram-Rly Station) (5–51) 62.9 (72.4) 9.5 (7.2) 18.7 (7.4) 4.1 (3.7) 4.2 (1.6) 0.8 (7.5)
Surati Jakatnaka-R.T.O. (61–6) (R.T.O.-Surati Jakatnaka) (6–61) 67.3 (53.6) 6.5 (9.8) 15.5 (15.7) 8.5 (15) 1.5 (5.4) 0.7 (0.5)
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model.
The computed value of t-statistics is found to be below 2.00.
The critical value of the t-statistics, estimated on the basis of
observed data, is less than the corresponding table value. This
shows that there is no signiﬁcant diﬀerence between the simu-
lated and observed parameters. Other than default vehicle type
in VISSIM, 2-wheelers, 3-wheelers, Light commercial vehicles
and slow moving vehicles (bicycle, others) are also included
in simulation to get realistic eﬀects in Indian context. A
network of six corridors is selected as that which connects
CBD of the city as VISSIM snapshot shown in Fig. 1.
The study is conducted for the network node 61–6 as a
whole so that speed-ﬂow and other performance measure
curves for this network will provide a realistic estimate of
traﬃc variables in the given urban road scenario. Due to
lack of lane following, traﬃc is counted for both the lanes
and analyzed on the total width of approach.
Therefore, traﬃc ﬂow parameters for two lanes in one
direction are considered. The traﬃc ﬂow in the given
corridor is estimated under under-saturated speed-ﬂow
state which follows the 4th degree polynomial nature and
the representative equation (R2 = 0.98) is mentioned in
Eq. (1). It was observed that arrivals of vehicles are well
below the capacity of the corridor. With increasing traﬃc
ﬂow rate, vehicular speed reduces due to interaction among
vehicles, side friction along the road.
V ¼ 4:0 1011Q4 þ 1:39 106Q3  5:12
 104Q2 þ 0:97Qþ 10:189 ð2Þ
where, V is speed and Q is ﬂow.
It is also noted that the capacity is estimated where
under saturated ﬂow rate ends and oversaturated ﬂowFigure 1. VISSIM Simulation Snap shot and Six Corridors in Study Area.starts. In this study, capacity was estimated at the transi-
tion zone from under-saturated traﬃc ﬂow for four lanes
divided (2200 veh/hr) to oversaturated speed-ﬂow curve.
The 7.5% growth rate was assumed for all modes to
estimate oversaturated ﬂow in urban areas. After capacity
estimation, speed vs. Volume to Capacity (v/c) ratio curve
was estimated based on capacity estimation and the repre-
sentative equation is given below in Eq. (2) (R2 = 0.97).
V ¼ 10:01ðv=cÞ5 þ 59:63ðv=cÞ4  152:58ðv=cÞ3
þ 156:96ðv=cÞ2  78:65ðv=cÞ þ 42:25 ð3Þ
It is noticed from the speed-v/c ratio curve pattern that
speed reduction is less with the increase in the v/c ratio at a
low v/c ratio (0.7). In this capacity analysis, one transition
point was observed near capacity and another is near v/c
ratio (1.5). It was also observed that after the v/c ratio
(1.5) the vehicular speed decreases signiﬁcantly.
The congestion factor plays a very important parameter
to measure the eﬃciency and reliability of the transport
system by public. While introducing the new public system,
travel time and congestion are main guiding factors. In this
paper, it was deﬁned as the areas belonging under the
speed–ﬂow curve. For oversaturated case, the rate of
growth of congestion increases with the increase in over
saturation (v/c) ratio and grows highly after v/c ratio near
1.5. Nevertheless, the under saturated traﬃc ﬂow condi-
tion, the representative equation for estimating congestion
was estimated with R2 = 0.93, as mentioned in Eq. (3).
Qzam ¼ 486:00ðv=cÞ5  621:45ðv=cÞ4 þ 545:85ðv=cÞ3
 225:65ðv=cÞ2 þ 101:25ðv=cÞ þ 2:25 ð4Þ
where, Qzam = congestion level (0–100%)
Eq. (3) shows that congestion starts growing at v/c near
0.65 and rate increases high near v/c 0.85 and reaches full
congestion capacity (100%).
Two scenarios were simulated in VISSIM, one is with
given traﬃc stream composition and the other is with bus
traﬃc with diﬀerent frequencies (10 min, 15 min, 25 min).
In order to study the eﬀect of introduction of the bus in
the given system, the traﬃc composition is used for study
area and also after the introduction of bus service with
three diﬀerent frequencies (10 mm, 15 mm and 20 min).
Generation of Travel time and Cost Matrix was developed
based on IRC: SP 30-2009 by considering (i) Road network
Table 4
Deﬁnition of input variables.
Variable name Description
Income Group 1
(IG1)
People in High Income Group (>Rs. 40000
monthly)
Income Group 2
(IG2)
People in Medium Income Group (>Rs. 24000
monthly)
Income Group 3
(IG3)
People in Medium Income Group (<Rs. 24000
monthly)
Gender (G) Male (0)/Female (1)
Trip Length (TL) Access walk distance plus in-vehicle traveled
distance
Trip Frequency
(TFC)
Average daily compulsory trip
Trip Frequency
(TFV)
Average daily voluntary trip
Travel Time (TT) Total travel time i.e. walk time plus in-vehicle time
Travel Cost (TC) Out of pocket cost for one travel trip
Table 5
Model Calibration results in SPSS environment.
Independent variables Parameters estimated t-Test p-Value
IG1 0.177 25.68 0.00
IG2 0.185 23.68 0.00
IG3 1.548 26.24 0.00
G 0.065 23.67 0.00
TL 10.772 14.56 0.00
TFC 1.078 18.68 0.00
TFV 0.1 1.88 0.00
TT 2.0073 12.34 0.00
TC 0.0215 5.16 0.00
Constant 2.807 8.65 0.00
Likelihood ratio index q2 0.358
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vehicle operating cost (Rs./km) and (iv) Walk time to bus
stops (extracted from the SP survey). For any pair of zone
centroids, diﬀerent paths exist on the network with a diﬀer-
ent travel time along each path (extracted from speed and
delay survey).
The shortest path between any pair of zone centroids is
the one having a minimum value of total travel time. This
methodology, in concurrence with the capacity restraint
option has been given to all pairs of zone centroids for
the preparation of mode wise travel time and operating
cost matrix while in the bus transit system analysis, access
time to the bus stops/waiting time was also taken into con-
sideration along with the frequency 15 min. The cost and
time saving matrix was then generated from the results
obtained.
The vehicle operating cost obtained from IRC: SP:
30-2009 is higher for the bus transit system which is Rs.
8.54/-per km, for Car, Rs. 22/-per km, Rs. 6.72/-per km
for 2-W and Rs. 26.01/-per km for 3-W. As VOC is func-
tion congestion, fuel consumption, etc. that is also visible
from the results obtained. The VOC of corridor 61–6 is less
than 3–3 and 5–5, mainly due to increased congestion, fuel
consumption and travel time. In this study, occupancy was
assumed as 1.7 for a car or 4-w, 25 for bus, 1.8 for 2-W and
3.9 for 3-W (4-seater) based on SP survey data. Prior to bus
transit introduction, even traﬃc volume in corridor 3–3 up
and down is less than other corridors except other non-
motorized vehicles. It is also observed that side friction
due to parked vehicles on this corridor is also high.
Therefore, VOC is coming more for all types of vehicles
on corridor 3–3 and 5–5, in both directions. Based on
VOC tables and occupancy data, the travel cost of a com-
muter using public transport (PT) per km is Rs. 0.88, 2-W
is Rs. 3.73/-, 3-W is Rs. 6.67 and 4-W is estimated to be
about Rs. 5.02/-.
4. Results and discussion
The output collected from each run of Biogeme (v.4.3)
and Statistica (v10.0) includes vehicle records and socio-
economic data. As mentioned in Section 2, based on home
interview survey, stated preference (SP) questionnaire
analysis was analyzed in the Biogeme modeling. Commut-
ers stated their preference after perceiving the congestion
level, cost of travel, comfort during travel and time of tra-
vel etc. The proposed public bus system and current travel
choice attribute variables used in the model as inputs are
mentioned in Table 4. However, for modeling in Biogeme,
only travel cost, travel time, travel distance (combined used
for compulsory and voluntary) and average incomes were
considered.
As discussed in data input section, Independent vari-
ables are discrete in nature; the model was estimated by
maximum likelihood estimation. The home-interview
survey was conducted with each of 250 vehicle users. There
were ﬁve modes considered, namely 4-W, 2-W, 3-W, bicy-cle and walking. The ﬁve data sets pertaining to 250 each
for ﬁve mode users, with their willingness for shifting from
their respective mode to Bus were processed into 1250 data
points for modeling. The 75% observation was used for the
purpose of model calibration and the rest of data were used
for model validation. The maximum likelihood estimation
for 2-wheeler mode and model calibration was estimated
by Biogeme (version 3.4) and results are shown in Table 5
and 6. All attributes and the constant term have a t-statistic
greater than 1.96 (more than 95% conﬁdence). Overall the
model has a likelihood ratio-Index q2 (pseudo-R2) of 0.358
when comparing the log likelihood at Zero and the log like-
lihood at convergence which indicates a good model ﬁt.
The t-statistic for diﬀerent variables compared with the
corresponding table value, shows that all the parameters
estimated are signiﬁcant at the 1% level as mentioned in
Table 6. Overall the model has a likelihood ratio-Index
q2 (pseudo-R2) of 0.164 when comparing the log likelihood
at Zero and the log likelihood at convergence which is
nearly lower than the acceptable range (0.2–0.4). This indi-
cates a fairly good model ﬁt. Model estimation was carried
out by assuming that there are ﬁve available traﬃc modes
from an origin to a destination, the utility function of each
individual for each traﬃc mode will be generated. For
example, the constant of 2-wheeler, utility function is given
Table 6
Model calibration results in Biogeme environment.
Independent variables Parameters estimated t-Test p-Value
IG 0.00567 1.78 0.00
TL 5.675 5.97 0.05
TT 0.92 4.68 0.00
TC 0.11 1.93 0.01
ASC 0.807 1.68 0.19
Likelihood ratio index q2 0.164
Table 7
Validation results for the model.
Description Initially calibrated with
75% data
Calibrated with 25%
data
Null Log-likelihood 422.177 188.536
Initial Log-likelihood 422.177 188.536
Final Initial Log-
likelihood
352.817 153.549
Likelihood ratio test 138.618 69.975
Likelihood ratio
index q2
0.164 0.186
32 E. Fatima, R. Kumar / International Journal of Sustainable Built Environment 3 (2014) 27–34in Eq. (1) and same constants were also used in the bus
transit system as given below for Statistica (v.10.0) and
Biogeme (v.4.3) environment respectively.
Um ¼ 2:807þ ð0:177 IG1Þ þ ð0:185 IG2Þ
þ ð1:548 IG3Þ þ ð0:065GÞ þ ð10:772
 TLÞ þ ð1:078 TFCÞ þ ð0:1 TFVÞ
þ ð2:0073 TTÞ þ ð0:0215 TCÞ ð5Þ
Um ¼ ASCþ ðTT  TravelTimeÞ þ ðTC  TravelCostÞ
þ ðIG  IncomeÞ þ ðTL DistanceÞ ð6Þ4.1. Model validation
The proposed model was validated with 25% data point
of ﬁve data sets in Statistica as well as in Biogeme environ-
ment using the objective to maximize the utility of particu-
lar modes as an explanatory factor in addition to other
variables. As per the choice set design in the questionnaire,
some variable values were speciﬁed by the respondent for
his/her trip and some were derived from the attached table.
With 25% observations, Log-likelihood was estimated.
Calibrated modeling (using 75%) was used to predict the
modal shift, and the value of Log-likelihood calculated.
Then, Log-likelihood was compared to their closeness as
shown in Table 7.
It can be determined from Table 7 that two Log-
likelihood values are pretty near to each other, thus proving
the validity of themodel. Hence, the validation resultmay be
considered to be fairly satisfactory.4.1.1. Description of utility shift from two-wheeler to bus
transit system
Travel time, travel cost and trip length have negative
coeﬃcients which suggest that the usefulness of an option
decreases as the values of these terms increase. The value
of the travel cost is varying as per the income group of
the respondent which shows that a higher income group
has less value on cost as compared to lower income groups.
As per the income groups, higher income groups are less
probable to use two-wheelers as suggested by the less posi-
tive coeﬃcient. The Statistica and Biogeme models show a
shift of 37.38% and 45.46% from 2-wheelers to the pro-
posed bus transit system respectively. The Likelihood ratioindex (q2) value 0.164 suggests that it is representing a
fairly good model.
4.1.2. Description of utility shift from 3-wheelers to bus
transit system
Travel time, travel cost and trip Length have negative
coeﬃcients which suggest that the utility of an alternative
decreases as the values of these terms increase. As per the
income groups, higher income groups are less likely to
use Shared Auto as suggested by the negative coeﬃcients.
The Statistica and Biogeme models show a remarkable
shift of 80.58% and 87.40% from 3-wheelers to the Bus
transit system respectively.
4.1.3. Description of utility shift from car to bus transit
system
Travel time, travel cost, trip frequency and trip length
have negative coeﬃcients which suggest that the utility of
an alternative decreases as the values of these terms
increase. As per the income groups, higher income groups
are more likely to use cars as suggested by the higher posi-
tive coeﬃcients. The Statistica and Biogeme models show a
shift of 6.78% and 11.49% from Cars to the Bus transit
system respectively.
4.1.4. Description of utility shift from bicycle to bus transit
system
Travel time, travel cost, trip length and trip Frequency
have negative coeﬃcients which suggest that the utility of
an alternative decreases as the values of these terms
increase. As per the income groups, the commuters with
lower income are more susceptible to use bicycle as sug-
gested by higher positive coeﬃcients. The Statistica and
Biogeme models show a signiﬁcant shift of 55.87% and
64.91% from bicycle to the bus transit system respectively.
4.1.5. Description of utility shift from walking mode to bus
transit system
Travel time, travel cost and trip frequency have negative
coeﬃcients which suggest that the utility of an alternative
decreases as the values of these terms increase. As per the
income groups, with the increase in income, the commuters
are less likely to use the mode as suggested by the negative
coeﬃcients. The Statistica and Biogeme models show a sig-
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Figure 2. Bus transit speed before and after.
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Figure 3. Travel time of Bus transit system.
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Figure 4. Car speed in all corridors.
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bus transit system respectively.
4.2. Evaluation of network
Evaluation of network performance is carried out for
the measurement of eﬀectiveness in traﬃc quality charac-
teristics such as average queue length, average delay per
vehicle, number of vehicles, average speed and travel time.
Two scenarios (before and after) were simulated in the
VISSIM environment, i.e. before and after. As discussed
in unsaturated and interrupted ﬂow equations, corridor
no 6 was calibrated and found that it has the unsaturated
traﬃc ﬂow condition. Queue length and congestion were
not noticed on the simulation as the corridor is unsatu-
rated. Except in corridor 5, in all other corridors the
average speed of the bus system is more than estimated.
It was noticed during the simulation that the side friction
percentage of 2-W and 3-W were the main cause of speed
loss in corridor 5. However, average travel time is almost
same in corridor 5 as shown in Figs. 2 and 3.
The average speed of the bus transit is estimated to be
49.00 kmph in this million plus city, which is very much
an encouraging trend. Even private motorized vehicle
speed and travel time are also not much aﬀected after the
introduction of the bus transit system as shown in Figs. 4
and 5. The average speed and travel time of private vehicles
respectively is 50.75 kmph and 0.47 min/km after the intro-
duction of Bus service with respect to 53.84 kmph, and
0.21 min/km before. This may be termed as a reasonably
good speed of car in the Indian urban road. Results also
indicate that during a peak hour decrease in the speed of
private vehicles due to the introduction of public transport
system ranges from 12% to 15% as per IRC: SP: 30-2009
and 13% to 17% as per simulation. In both analyses,
congestion factor is neglected due to unsaturated ﬂow on
every corridor. Similarly, the average speed and travel time
of 2-W in all corridors after the introduction of Bus is esti-
mated to be 48.17 kmph with respect to 50.85 kmph and
travel time is increased by 10.15%.
This analysis suggests that socio-economic, gender, trip
length, voluntary and compulsory trip frequency and time
and cost are very much signiﬁcant and had inﬂuences on
the modal shift. Result shows that an introduction of the
bus transit in Indian million plus city will improve the
mobility without lowering the current speed of other
motorized vehicles. However, it was observed that com-
muters are concerned about the cost and the punctual ser-
vice of the public transport service in all socio-economic
strata. It was observed that delay is very insigniﬁcant
after introducing a new bus system due to no congestion.
However, speed decreases in some corridors of the other
motorized vehicles, mainly due to side friction of the
parked vehicle on the road. This was observed, while col-
lecting primary data on all corridors and similarly this
eﬀect was simulated in VISSIM. The ﬁrst and foremost
option, therefore, would be to introduce a bus transit sys-tem in million plus city, if the 2-W and car growth are to
be contained. Otherwise, million plus cities will also join
soon in the category of metro cities, where car and 2-W
become virtually a nightmare as far as urban transport
is concerned.
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Figure 5. Travel time of car before and after.
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The Indian city has to cope with an increasing urban
travel demand by introducing public transport system
and cannot be compensated by just increasing infrastruc-
ture space. The aim of the research analyzed in this paper
is to understand the overall impact of introduction of a
bus transit system through modal shift and VISSIM
simulation in million plus city of India. A case study was
presented by using primary and secondary data and diﬀer-
ent characteristics of six corridors, their impact was found
to be encouraging on the mobility.
Biogeme based multimodal logit model shows that the
overall mode shift was 45–51%, which shows that present
commuters are willing to shift from diﬀerent modes to
the new bus transit system. The 2-Wheeler mode shift
varies from 37.38% to 45.46% and the 3-wheelers’
(auto-rickshaw) varies from 80.58% to 87.40% to the pro-
posed bus transit system. As expected, the car owner mode
shift was estimated from 6.78% to 11.49% only. However, a
good mode shift was observed from non-motorized mode
i.e. bicycle from 55.87% and 64.91% to the proposed bus
transit system.
VISSIM results also show that overall in all corridors
there was no speed loss (before 53.84 kmph and after
50.75 kmph) for car traﬃc even after introducing the bus
transit system. The Bus transit systems will also operate
with almost near the average speed of car i.e., 47–49 kmph.
The average travel time in all corridors for bus transit sys-
tem is 1.3–1.6 min per km whereas for car it ranged from
0.21 to 0.47 min per km. These results were very encourag-
ing and could contribute in the mode shift from private
vehicles to the bus transit system.
The analysis suggests that if growth of car and 2-W is
unchecked soon all corridors will see congestion. This
study very strongly shows that the introduction of the
bus transit system in Indian million plus city is an emergent
need for urban transportation. Therefore, improving road
geometry, commuters travel demand planning and othermeasures can be viewed as a boon for peer cities in India.
The ﬁnal results can be a benchmark for public transit sys-
tems in peer cities with a relatively similar size for the
development of sustainable transportation system.
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